Methods and analysis: The Aus-ROC Epistry is
designed as a population-based cohort study. Data collection started in 2014. Six ambulance services in Australia (Ambulance Victoria, SA Ambulance Service, St John Ambulance Western Australia and Queensland Ambulance Service) and New Zealand (St John New Zealand and Wellington Free Ambulance) currently contribute data. All OHCA attended by ambulance, regardless of aetiology or patient age, are included in the Epistry. The catchment population is approximately 19.3 million persons, representing 63% of the Australian population and 100% of the New Zealand population. Data are collected using Utstein-style definitions. Information incorporated into the Epistry includes demographics, arrest features, ambulance response times, treatment and patient outcomes. The primary outcome is 'survival to hospital discharge', with 'return of spontaneous circulation' as a key secondary outcome.
Ethics and dissemination: Ethics approval was
independently sought by each of the contributing registries. Overarching ethics for the Epistry was provided by Monash University HREC (Approval No. CF12/3938-2012001888). A population-based OHCA registry capturing the majority of Australia and New Zealand will allow risk-adjusted outcomes to be determined, to enable benchmarking across ambulance providers, facilitate the identification of system-wide strategies associated with survival from OHCA, and allow monitoring of temporal trends in process and outcomes to improve patient care. Findings will be shared with participating ambulance services and the academic community.
INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a global health problem. 1 Despite over 50 years since the advent of cardiopulmonary resuscitation, 2 survival remains low with reported rates between 0.6% and 25%. 3 Recognition of the variation in OHCA survival rates between regions has heightened interest in the development of multicentre cardiac arrest registries to understand and improve OHCA outcomes.
Individual OHCA registries have been established by ambulance services in most Australian states and across the whole of New Zealand. However, until recently, combining these registries has been hindered by a lack of infrastructure to host the data and to ensure a consensus of definitions and standardisation. As illustrated by the success of international groups, such as the Resuscitation Outcomes Consortium (ROC), 4 the combining of registries across a larger region facilitates: the understanding of regional differences in the OHCA incidence and outcomes; the Strengths and limitations of this study ▪ The Australian Resuscitation Outcomes Consortium (Aus-ROC) epidemiological registry (Epistry) is a population-based out-of-hospital cardiac arrest (OHCA) registry with a capture region encompassing the majority of Australia and all of New Zealand. ▪ The Epistry provides an ability to define consistent primary and secondary outcome measures to compare the effects of regional and ambulance service variations and understand factors associated with improved survival from OHCA. ▪ Combining data from multiple regions has inherent challenges, including variation in the variables collected by each of the participating ambulance services.
influence of different ambulance service structures; and the patient, ambulance service and period factors associated with survival.
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AIMS AND OBJECTIVES OF THE PROJECT
The Australian ROC (Aus-ROC) 8 was established as a National Health and Medical Research Council (NHRMC) Centre of Research Excellence in 2011 to increase research capacity aimed at improving OHCA survival and outcomes. One of the major objectives of this consortium was to develop an Australian and New Zealand cardiac arrest epidemiological registry (Epistry) to enhance and inform coordinated OHCA outcomes, research and evaluation. This paper describes the rationale and methods of the Aus-ROC Epistry.
METHODS
Study design
The Aus-ROC Epistry is designed as a population-based cohort study. Data collection started in 2014. Six established cardiac arrest registries, four in Australia and two in New Zealand, contribute data to the Epistry ( figure 1 ) and 100% of the New Zealand population (total population of 4.5 million). 10 Demographic and socioeconomic characteristics of each of the regions in Australia and New Zealand are shown in online supplementary appendices 2 and 3, respectively. [17] [18] [19] Australian regions participating in the Epistry demonstrated similar characteristics to those of the broader Australian population. While some regions not currently participating in the Epistry demonstrated variations in the proportion of the population who were Aboriginal and Torres Strait Island peoples and those living in 'major cities', these regions (Australian Capital Territory, Northern Territory and Tasmania) had small total populations that reflected a combined 4.9% of the Australian population.
Differences in the classification of geographical regions did not facilitate comparisons between Australia and New Zealand. Alternate metrics may be required when making comparisons of rurality between the two countries.
Inclusion criteria
All OHCA attended by ambulance, regardless of aetiology, are included in the Epistry. All deaths attended by ambulance are classified as OHCA and thus included in the Epistry.
Data capture
Capture of OHCA cases varies between ambulance services. A combination of electronic queries of patient care records (PCRs), manual sorting through PCRs, staff standardised reporting and dispatch codes are used to identify OHCA cases. For those ambulance services that use electronic queries, subsequent manual searches are conducted by all services to maximise case capture. Hospital 20 although some variation in the coding of these items exists. Recoding of each variable is conducted to ensure uniformity in the variables collected. Data include information on the OHCA event, demographics, arrest features, response times, treatment and outcome. Variables were identified by consensus among representatives from participating ambulance services (table 2). All variables are collected by each of the six participating ambulance services.
The primary outcome measure is 'survival to hospital discharge', with 'return of spontaneous circulation' as a key secondary outcome. These measures are considered 'core' outcomes according to the Utstein template. 20 While neurological outcome and long-term quality of life measurements are important patient-centred outcomes, they are not presently collected across all sites, and thus these measures are not currently included in the Epistry.
Ethical considerations
Ethics approval was independently sought by each of the contributing registries. Overarching ethics for the Epistry was provided by Monash University HREC (Approval No. CF12/3938-2012001888). Data from each of the contributing registries will be provided in reidentifiable form with a unique identifier should the need arise to cross-check individual cases.
Data management and governance
The Epistry is coordinated and located at the Aus-ROC administrative base in the School of Public Health and Preventive Medicine at Monash University, Australia. Each participating ambulance service is responsible for regulating case ascertainment, data capture and quality control. Data upload is web-based and is stored on a secure server at Monash University. Data are then recoded by Epistry staff at Monash University for consistency with the Epistry data dictionary and then combined to form the Epistry.
An Epistry Management Committee (EMC) was established to develop processes and protocols, and oversee all ongoing aspects of the Epistry governance. The committee comprises representatives from each of the contributing ambulance services and Aus-ROC investigators. The Epistry consensus governance document guides the committee on the agreed use of the Epistry data; while maintaining data security and ethical principles.
Statistical analyses
Based on previously reported incidence of OHCA in our region, 21 we estimate that the Epistry will capture approximately 14 000 patients with OHCA annually. We anticipate using descriptive statistics to summarise baseline characteristics and survival outcomes. Annual crude and age-sex-adjusted incidence rates will be calculated using population figures from the Australian Bureau of Statistics and Statistics New Zealand. Logistic regression will be used to investigate factors associated with key outcome measures with ambulance services as random effects.
Reporting
Publically available reports will be generated on an annual basis, in which ambulance services will be de-identified. As a component of quality improvement, benchmarking reports will be confidentially provided to each of the participating ambulance services comparing their risk-adjusted outcomes with the combined outcomes of the other ambulance services participating in the Aus-ROC Epistry. Findings will also be reported in peer-reviewed publications. 
DISCUSSION
The Aus-ROC Epistry was established with the aim of understanding regional, ambulance service and treatment factors associated with improved OHCA survival and outcomes. The scope of the Epistry will enable a range of important research questions to be answered, including understanding regional variations in outcome, the impact of variations in the provision of treatment for OHCA between ambulance services, temporal changes in incidence and outcomes, and the impact of changes in clinical guidelines and clinical trials, as well as increased clinical trial efficiency. The Epistry will allow risk-adjusted outcomes to be determined, to enable benchmarking across providers and identification of system-wide strategies associated with survival for patients with OHCA in Australia and New Zealand.
Variations have been identified in the incidence and outcomes of OHCA across geographical regions in Australia 21 22 and internationally. [23] [24] [25] To improve outcomes for these patients, there is a need to identify the underlying causes of these variations, which may include differences in the underlying risk of OHCA, and ambulance service structure, function and resuscitation practices; or simply case definitions. For example, other multicentre cardiac arrest registries have investigated regional variation in: the incidence and outcomes of OHCA, 23 26 27 temporal trends in survival, 6 rates of bystander cardiopulmonary resuscitation (CPR), 28 treatment and transport practices, 7 and the association between receiving hospital characteristics and survival. 29 The Epistry will serve as a framework to address similar questions and identify factors associated with regional variation in survival. The longitudinal nature of the Epistry enables pre-post studies to assess the effect of changes in practice, such as examining whether survival from OHCA improves following the implementation of guideline updates. 30 The Epistry will also facilitate the evaluation of clinical trials by providing infrastructure to capture and combine prehospital and in-hospital data across multiple regions in a standardised manner. It is intended to eventually broaden the telephone assessment of quality-of-life (using validated instruments) of OHCA survivors that is conducted by the Victorian Ambulance Cardiac Arrest Registry 31 and in Aus-ROC clinical trials, 32 and use this information to study patient-centred outcomes, as well as economic evaluation of resuscitation interventions.
The Aus-ROC Epistry has been modelled on the successful ROC Epistry. 4 In comparison to ROC who rely on data from 264 emergency medical service agencies, 4 one of the strengths of Aus-ROC is the contribution of data from only six ambulance services. Individually, these ambulance services cover large geographical areas and populations, and represent both metropolitan and rural regions, facilitating understanding of variability in the ambulance service systems and the impact that such variability has on patient outcomes. When compared with other multicentre registries that capture smaller proportions of their relevant population, the capture population of the Epistry represents the majority of Australia and New Zealand and is therefore more likely to be representative of the broader population. With significant heterogeneity in the reporting of OHCA outcomes, 33 another strength of the Aus-ROC Epistry is the ability to define consistent primary and secondary outcome measures to compare the effect of regional and ambulance service variations. Similarly, having a consistent and uniform denominator when defining incidence and survival in OHCA enables valid comparisons across regions.
The sensitive nature of OHCA data, particularly for ambulance services, presents challenges when establishing multicentre cardiac arrest registries. 34 These challenges include data ownership, access security and use. In establishing the Epistry, memorandums of understanding were developed between the lead academic institution and each of the participating ambulance services. These agreements, combined with the Epistry governance document, provide clear guidelines on the ownership, use and dissemination of Epistry data.
Combining data from multiple regions has inherent challenges. Variation existed in the variables collected by each of the participating ambulance services, which reduced the number of core variables that were collected for the Epistry. However, it is hoped that over time, all participating sites will be able to collect additional variables, such as 'neurological outcome' and other resuscitation practices and interventions. A survey of the participating ambulance services is currently underway to evaluate variation in the treatment and provision of service between Epistry sites. This survey will also collect data on case ascertainment and quality control measures within each of the participating sites. Aus-ROC also has a vision to extend the current network of participating ambulance services to include all Australian ambulance services. While four Australian ambulance services not currently participating in the Epistry have been invited to contribute data (NSW Ambulance, St John Ambulance Northern Territory, ACT Ambulance, Ambulance Tasmania), these service-based OHCA registries are in various stages of development. It is hoped that these registries will be able to contribute data in the future, and thus the Epistry will capture the prevalence of OHCA in the entire Australian population-as is currently possible for New Zealand.
SUMMARY
The Aus-ROC Epistry is a population-based OHCA registry with a capture region encompassing the majority of Australia and all of New Zealand. Combining OHCA data from six sites will facilitate an understanding of the factors that are associated with improved survival from OHCA and will allow monitoring of temporal trends in process and outcome. Furthermore, the Epistry provides infrastructure to enhance the coordination of clinical trials and improve collaboration between ambulance services, thus increasing capacity to improve outcomes of patients with OHCA in Australia and New Zealand.
